In this study, the relation between the coal firms that are traded in New York Stock Exchange and S&P500 index is analyzed. The return of the coal firms and the market return are analyzed by using traditional CAPM and two-state Markov regime switching CAPM (MS-CAPM). According to the Likelihood Ratio test, two-state regime MS-CAPM gives better results and indicates a non-linear relation between return and risk. It is found that beta shows variability in regard to low and high volatile periods making linear CAPM to provide deviated results. JEL: G12, C32
and determines the risk-return trade-off accordingly. However, studies in the literature in recent years indicate that the expected return of an asset and the relationship between the degrees of risk is not always linear, and show that it changes over time. Many studies present that beta, which is a measure of systematic risk, is significantly different when the market prices fluctuate.
It is certain that energy is the most important necessity of human life and there is an increasing relation between the level of development and amount of energy consumed in a country. Coal, which has the greatest importance among the energy sources, is the primary factor for the industrial revolution in the world (Yılmaz and Uslu, 2007) . Developing countries use about 55% of the world"s coal and this share is expected to grow to 65% over the next 15 years (Balat and Ayar, 2004) . World primary energy demands grows by 1.6% per year on average in 2006-2030 and demand for coal rises more than demand for any other fuel in absolute terms. World demand for coal advances by 2% a year on average, its share in global energy demand climbing from 26% in 2006 to 29% in 2030. Some 85% of the increase in global coal consumption comes from the power sector in China and India (World Energy Outlook 2008) . Recently, tremendous volatility in the price of oil and natural gas and increasing coal demand reveal the importance of coal as alternative energy resources in the world. Increasing importance of coal brings coal mining companies in the foreground all over the world.
This study aims to investigate the relationship between the expected return and the degree of risk using non-linear CAPM model for the coal producing companies whose shares are traded in the U.S. equity markets. The main reason using the non-linear CAPM model is to investigate the differences of systematic risks of coal mining companies in the period of high and low market volatility. Systematic risks are measured using two-state Markov Switching Model for the coal producing companies in the period of high and low volatility.
Literature Review
In literature, there are many studies on testing CAPM using Markov switching model but there is a paucity of studies basing the analysis on coal firms. Alexander et al. (1982) conduct a study to investigate both theoretically and empirically the appropriateness of describing the systematic risk of mutual funds with a different model of non-stationary-a first-order Markov process using the data consisting of the monthly returns for 67 mutual funds over the period January 1965 through December 1973. It will be shown that even if fund managers do not actively engage in timing decisions, the systematic risk of mutual funds theoretically can be modeled as being non-stationary. In particular, it is shown that the betas of such funds can be modeled as first-order Markov processes. Fridman (1994) finds out the high volatility state  can be more than double the size of the more stable state  , hence making it a higher risk state, and the duration of stay in the high risk state is typically shorter than the one for the low risk state for three oil industry corporation securities by means of two state Markov regime switching model. Huang (2000) examines time varying CAPM for the Microsoft Corporation using monthly stock returns. He shows that the data from the low-risk state is consistent with the CAPM whereas the data from the high-risk state is not. Huang (2001) investigates that the data generating process of  can be well characterized by a regime-switching model for Taiwan Stock Market. The evidence shows that in the relatively high-risk state data are consistent with the CAPM, but they are inconsistent with the CAPM in the low-risk regime. Fearnley (2002) tests a conditional multivariate international capital asset pricing model for US, Japanese and European stocks and government bonds. His findings indicated that the price of market risk is statistically significant, and the international CAPM risk premiums are validated, although currency risk premiums are not statistically significant. Huang (2003) incorporates two specific features in the test of CAPM. The first one is to allow the systematic risk  to come from two different regimes to capture the instability found in the previous studies. The second one is to consider the censoring effect caused by the implementation of price limit regulation. His findings suggest that  "s are unstable over time and the data may be consistent with CAPM in one regime but inconsistent in the other regime. Hess (2003) compares competing Markov regime-switching model specifications and reported that for the Swiss security market index monthly returns, the market movement is optimally tracked by time-varying first and second moments, including a memory effect. Galagedera and Shami (2003) examine time varying CAPM for thirty the securities in the Dow Jones index. Their results indicate very strong evidence volatility switching behavior in a sample of returns in the S&P 500 index. In three of the thirty securities in the Dow Jones index, the estimated slope in the market model show strong switching behavior. Ishijima et al. (2004) use TSE REIT (Tokyo Stock Exchange Real Estate Investment Trust) Index to derive an asset pricing model based on a growth optimal portfolio in a market.
In an asset pricing model they employ a regime switching model, describing two equations, an observation equation which governs asset prices and a state equation which assumes that regimes conform to a first-order Markov processes. By dividing the analysis into two casesthe case where regime is taken into account and the case where it is not-it is shown that taking regime into account is better for estimating the risk premium of J-REITs. Shami and Galagedera (2004) relate the security returns in the 30 securities in the Dow Jones index to regime shifts in the market portfolio (S&P 500) volatility. They find that there is strong volatility switching behavior with high-volatility regime being more persistent than the low-volatility regime. Galagedera and Fuff (2005) investigate whether the risk-return relation varies, depending on changing market volatility and up/down market conditions. Three market regimes based on the level of conditional volatility of market returns are specified -"low", "neutral" and "high". For a set of U.S. industry sector indices using a cross-sectional regression, they find that the beta risk premium in the three market volatility regimes is priced. These significant results are uncovered only in the pricing model that accommodates up/down market conditions. Huang and Cheng (2005) estimate and test for the Sharpe-Linter CAPM by allowing structural changes in betas. Their approach applies explicitly to the Sharpe-Linter CAPM using book-to-book market (BM) -and size-decile portfolios from July 1926 to December 2003, with a total of 930 monthly observations. Their study concludes that (1) there exists at least one break for all the portfolios under consideration, (2) the estimated break dates are quite similar for some of the portfolios, indicating the possible existence of a common break using multivariate time series, (3) the CAPM can be consistent with the data in some regimes but many appear to be inconsistent with the data in some other regimes. This particularly appealing feature has been completely ruled out under the conventional single-equation framework. Gu (2005) develops regime-switching versions of the CAPM and the Fama French three-factor model, allowing both factor loadings and predictable risk premiums to switch across regimes. He finds that betas of value stocks increase significantly during bear market episodes. However, it is still rejected that the book-to-market premium is equal to zero for both the regime-switching conditional CAPM and the Fama-French model, even in the presence of regimes. Tiwari (2006) develops a Bayesian framework for choosing a portfolio of mutual funds in the presence of regime switching in the stock market returns. He considers a twostate Markov regime switching model in order to capture the dynamics of stock market returns for the period 1962 to 2004. He finds that the existence of "bull" and "bear" regimes in market returns significantly impacts investor fund choices and ignoring the regimes imposes large utility costs. Wilson and Featherstone (2006) analyze the stock returns and market return for 21 food and agribusiness firms estimated in a threshold switchingregression framework. Their results indicate that risk parameters differ for alternative regimes and are not constant over time. Accounting for periods of temporary disequilibrium leads to notably more stable risk measurement estimates. Hwang et al. (2007) propose generalized stochastic volatility models with Markov regime changing state equations (SVMRS) to investigate the important properties of volatility in stock returns, specifically high persistence and smoothness using S&P 500 daily index returns. According to their study, persistent short regimes are more likely to occur when volatility is low, while far less persistence is likely to be observed in high volatility regimes.
Comparison with different classes of volatility supports the SVMRS as an appropriate proxy volatility measure. Their results indicate that volatility could be far more difficult to estimate and forecast than is generally believed. Chen and Huang (2007) Liow and Zhu (2007) focus on how the presence of regimes affects portfolio composition by means of regime switching asset allocation model for the six major real estate security markets (USA, UK, Japan, Australia, Hong Kong and Singapore). They conclude that optimal real estate portfolio in the bear market regime is very different from that in the bull market regime. The out-of-sample tests reveal that the regime-switching model outperforms the non-regime dependent model, the world real estate portfolio and equallyweighted portfolio from risk-adjusted performance perspective. Li (2007) uses Markovswitching model to identify the volatility state of G7 (Canada, France, Germany, Italy, Japan, the UK and USA) stock markets. His empirical results are consistent with the two following notions. First, the situation of both the individual and world stock markets during high volatility states will be associated with the minimum benefit of risk-reduction from international diversification and a maximum cross-market correlation. Second, by incorporating the character of state-varying correlation into the establishment of an international portfolio, it can be created a more efficient investment strategy with less risk, or greater return for a given risk.
Capital Asset Pricing Model
The CAPM, as first proposed by Sharpe (1964) and Lintner (1965a, b) , is central to financial theory. The CAPM was developed, at least in part, to explain the differences in risk premiums across assets. Inherent to the CAPM, these differences are the results of variations in the riskiness of the returns on assets. The model asserts that the correct assessment of riskiness is its measure -known as "beta"and that the risk premium per unit of riskiness is the same across all assets. Given the risk free rate and the beta of an asset, the CAPM predicts the expected risk premiums for that asset (Chen and Huang, 2007) .
The CAPM assumes the marketplace compensates investors for taking systemic risk but not for taking a specific risk. For this simple reason that a specific risk can be diversified away. When an investor holds a market portfolio, each individual asset in that portfolio entails a specific risk, but through diversification, the investor"s net exposure is just the systemic risk of the market portfolio. Systematic risk can be measured using beta coefficients. Based on the CAPM, the expected return on a stock equals the risk-free rate plus the portfolio"s beta multiplied by the expected excess returns on the market portfolio (Chen and Huang, 2007) .
CAPM model can be written as:
where i = 1, 2, …, n and t = 1, 2, …, T. The returns on asset i, the market portfolio and the risk free-rate at time t are denoted by R it , R mt and R ft , respectively. The error term ε it is assumed to be iid N (0, σ 2 ).
While the theory maintains a linear and stable relationship between return and risk, there is overwhelming evidence documenting significant time variation in market betas. One of the reasons, argued by Jagannathan and Wang (1996) , might be due to the relative risk of a firm"s cash flow varying over the business cycle. During a recession, the financial leverage of those firms in relatively poor shape may increase sharply compared with other firms, causing their stock betas to rise. As a result, the risk measure betas are expected to depend on the nature of the information available at any given time and can vary over time (Huang, 2003) .
To assess the validity of the test, one important question is the stability of the measure of systematic risk, i.e. β. Nonetheless, empirical investigations such as Blume (1971 ), Levy (1971 , Fabozzi and Francis (1977) and Chen (1982) generally found that the betas tended to be volatile over time and challenged the assumption of constant beta coefficient (Huang, 2000) .
To overcome nonlinearity in CAPM model Huang (2000 Huang ( , 2001 Huang ( , and 2003 
where r it = R it -R ft and r mt = R mt -R ft indicates excess return on asset and on the market portfolio at time t. In Model I, alfa and beta are assumed constants. However, in the literature, it has been reported that beta is not constant and it is switching according to low and high volatility regime. Thus, we consider that Model II allows beta to come from low and high volatility regime following by:
where ε t ~ iid N (0, σ 2 ) and the unobserved state variable, s t , evolves according to the first order Markov-switching process described in Hamilton (1994) 
where p and q are the fixed transition probabilities of being in low or high volatility regime, respectively.
Finally, in Model III, we consider alpha and beta are not constant and they are switching across two different regimes.
Model III:
where ε t ~ iid N (0, σ 2 ) and the unobserved state variable, s t , evolves according to the first order Markov-switching process. As there are many studies in literature that deal with the procedures that use Makov-switching model in estimation, we prefer not to give detailed information about this. Hamilton"s (1994) and Krolzig"s (1997) studies are being considered as good references for Markow Switching Model.
We consider three different empirical models in this study and we use likelihood ratio (LR) test to select the most appropriate model. The Likelihood Ratio (LR) test can be based on the statistic (Krolzig, 1997) :
where λ denotes the unconstrained maximum likelihood estimator and λ r the restricted maximum likelihood estimator. Under the null, LR has an asymptotic χ 2 distribution with r degrees of freedom.
Data and Empirical Results
In this study, the monthly price series of the 21 coal firms traded in U.S. stock markets covering the period of January 2000 and January 2009 are used. As market values, S&P 500 index and as risk-free interest rate, monthly government bonds" interest rates are used as variables. The data that the prices of the securities of the firms and S&P 500 index are taken from www.finance.yahoo.com web-site and the monthly government interest rate is taken from Kenneth W. French"s web-site. The coal firms and the codes are given in Table 1 . S&P 500 index and the return of the firms" descriptive statistics are given in Table 2 .
According to the results in Table 2 , the lowest monthly return in the period and the highest deviation belong to CCRE coal firm. According to the kurtosis value, the characteristic of the whole coal firms returns" distribution is observed as fat tail. Jarque-Bera normality test statistics indicate that coal firms" returns do not have a normal distribution except ACI, BW, SFEG and WLB. The correlation of the security returns and S&P 500 index are given in Table 3 .
According to the results given in Table 3 , the companies" returns except CCRE, MFN and SFEG, and the market returns (S&P 500) move parallel and also they are significantly correlated. Moreover, the returns of CCRE, MFN and SFEG companies move independently compared to other companies" returns. Using the Coal Firms" return series and the risk-free interest rate, the excess return series are formed and it is aimed to investigate whether they are stationary or not by using PP test which is proposed by Phillips and Perron (1988) and KPSS unit root test which is proposed by Kviatkowski et. al (1992) . According to the unit root test results which are given in Table 4 , all the variables that are used in models are observed as stationary. given in Table 5 . The H i |H j notation in RTI and WLB but also alpha showed variability during low and high volatility periods.
For this reason, Model III is found as the best suitable model for these companies;
however, for the rest of the companies Model II gives better results. The results of MS-CAPM model are given in Table 6 . According to the results in Table 6 , beta parameter, the systematic risk measure shows different results in low and high volatile periods. Low and high volatile periods are decided according to the standard error of regression. When the standard error is low, the period is named as low volatility, and when the standard error is high, the period is named as high volatility. 1
Firstly, if we are to interpret the results of low volatile period; the beta parameter of the securities of ACI, BOOM, CNX, NANX, RTI, SWC, USEG, USU, and WLB is greater than one and statistically significant at 5% level. This result indicates that the firms during the low volatility periods are riskier. This provides a chance to the investors of such securities to have higher returns. The beta parameter of ATI and BHP firms which is less than one and statistically significant shows that the securities of such firms are less risky. Whereas, during the low volatile period, the beta parameters of the securities of CCJ, CCRE, MFN are less than zero and statistically significant indicating that the returns of the securities move in the opposite direction to the market return.
During the low volatile period, the beta parameter of ARLP, MEE, SFEG and YZC firms is not found statistically significant. This result indicates that during the low volatile period it has no relation with the market return. The betas of CCJ, CCRE and MFN firms are negative and statistically significant showing that during the low volatile period, the return of the securities move in the opposite direction to the market.
According to the results during the high volatile period; the beta parameter of the securities of ATI, BHP, BW, CCJ, CCRE, MEE, RTI, WLT and YZC is found greater than one. This result shows that during the high volatile periods the systematic risk is higher. The beta parameter of ARLP and MFN firms is less than one and statistically significant indicating that during the high volatile period, the systematic risk is lower.
Finally, the beta parameters of ACI, CNX, NANX, SFEG, SWC, TIE, USEG, USU and WLB are not found statistically significant showing that such firms" returns during high volatile period move independently from the market return. There is a considerable difference between the results of the linear CAPM and MS-CAPM model. If we investigate the coal firms" returns and the market returns with the linear CAPM, then β was going to be estimated from the MS-CAPM model. This result can be misleading and the risk can be higher than (or lower) the market making a firm to have lower (or higher) risk than the market. For this reason, when the CAPM and firms" risk level is investigated the existence of the non-linear relation should be taken into consideration. The relation between the returns of the coal firms that are derived from MS-CAPM and market return is also summarized in Table 7 . However, these results bring with questions that why the betas of coal companies are time-varying and why the coal companies behave differently from each others.
Therefore some studies in the literature try to answer these questions. The first interpretation of these questions suggested by Stattman (1980) , Rosenberg et al. (1985) , and Fama and French (1992) emphasizes the book-to-market anomalies in which average returns on stocks with high ratios of book value to market value are higher than those with low ratios of book value to market value. It is expected related to finance theory because companies grow and invest new projects through time and these lead to change risk profile of companies. Therefore, book-to-market values of companies cause to change their betas over 10 or 20 years horizon even in short periods.
The second interpretation proposed by Banz (1981) emphasizes the size effect that the average returns on stocks of small firms are higher than the average returns on stocks of large firms. The third interpretation argued by Jegadeesh and Titman (1999) is the momentum effect that stocks with higher returns in previous 12 months (winning stocks) tend to have higher future returns than stocks with lower returns in the previous 12 months (losing stocks). In this context, Tai (2003) , Ang and Chen (2007) , In and Kim (2007) and Abdymomunov and Morley (2009) determine book-to-market, the size effect and the momentum effect anomalies in the stock markets. In addition to these, Ang and Liu (2004) argued that discounting cash-flows of firms lead to change market risk premiums, risk-free rates and betas over time.
Also, it is well known that changes in the oil price have significant effect on stock returns of energy companies and any shocks in the oil price lead to change betas of energy companies over time. Faff and Brailsford (1999) , Sadorsky (2001) , Trück (2008) and Boyer and Fillon (2007) determine that changes in the oil price effect positively and significantly to stock returns of energy companies.
Conclusion
CAPM which measures the relationship between securities" return and the market return has a significant place in finance theory. In 
